Stimulative effect of lactic acid bacteria in the growth of the microalgae Isochrysis galbana by Planas, Miguel et al.
925
Original article            doi: 10.12980/jclm.3.2015j5-174                                                   ©2015 by the Journal of Coastal Life Medicine. All rights reserved.
Stimulative effect of lactic acid bacteria in the growth of the microalgae Isochrysis galbana
Miquel Planas*, José Antonio Vázquez, Beatriz Novoa
Institute of Marine Research  (CSIC), Eduardo Cabello, 6. 36208 Vigo, Spain
Journal of Coastal Life Medicine 2015; 3(12): 925-930
Journal of Coastal Life Medicine
    *Corresponding author: Miquel Planas, Instituto de Investigaciones Marinas (CSIC), 
Eduardo Cabello, 6. 36208 Vigo, Spain. 
    Tel: +34 986214457
    Fax: +34 986292762
    E-mail: mplanas@iim.csic.es
   Foundation Project: Supported by European Commission (Project PROBE, Q5RS-
2000-31457) and CICYT (Spain, FEDER, 1FD97-0044-C03-01, 02 and 03). Dr. J.A. 
Vázquez Álvarez had a postdoctoral contract (CSIC-I3P-PC 2003, European Social 
Fund).
1. Introduction
   Microalgae are used as food for live prey (rotifers, Artemia), 
larvae and adults of fish, molluscs and crustaceans. Algae can 
produce compounds that promote or inhibit bacterial growth and 
bacteria have a negative or positive effect on microalgae cultures[1-3]. 
Some bacteria strains have been used as probiotics or prebiotics 
in the rearing of aquatic organisms to prevent bacterial diseases 
or to improve growth and survival[3-10]. In addition, it has been 
demonstrated that the manipulation of the microbial community 
present in a rearing system may also contribute to the enhancement 
of microalgae and live feed cultures, including the reduction in 
potentially pathogenic bacterial strains[11-13]. The bacterial load of 
rearing systems can be moderately manipulated by adding beneficial 
bacteria to the culture media or by bioencapsulating the bacteria in 
live prey[10].
   The selection and application of bacteria as probiotics in 
microalgae cultures requires to discard potential inhibiting or 
detrimental effects in the cultures. It is known that bacteria can 
enhance or suppress the growth of certain microalgae species[1,14-
24]. In most studies focussed on bacteria and microalgae 
interactions, the growth of microalgae has been investigated using 
marine bacteria but the promoting effect of telluric bacteria strains 
has been only exceptionally tested[25].
   In the present study, the effect of seven strains of lactic acid 
bacteria (LAB) from terrestrial origin on the performance of 
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brevis, Lactobacillus casei ssp. casei, Lactobacillus helveticus, Lactococcus lactis spp. 
lactis, Leuconostoc mesenteroides spp. mesenteroides (L. mesenteroides spp. mesenteroides) 
and Pediococcus acidilactici (P. acidilactici)] were inoculated in 250 mL flasks containing 
microalgae I. galbana (106 cells/mL). After fitting the growth data to two mathematical models, 
two LAB strains (L. mesenteroides spp. mesenteroides and P. acidilactici) were selected for 
the second experiment in which those strains were inoculated in medium size (5 L) volume 
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saltssucrose media.
Results: All strains of LAB tested enhanced the growth rate and the final biomass yield of I. 
galbana cultures, even in the absence of nutrients in the media. The best overall results and 
the maximal final cell densities in small flasks were achieved with strains L. mesenteroides 
spp. mesenteroides and P. acidilactici, respectively. These two strains also stimulated the 
growth (40% and 16% with respect to controls) of I. galbana in medium size volumes. For 
most strains, CFU values of LAB remained stable (105–108 CFU/mL) for at least 4 days. A 
high variability was observed in bacteria strains among treatments, with Pseudomonas and 
Moraxella being the most abundant bacteria.
Conclusions: The results of present study showed that the growth of I. galbana in both small 
and medium size volumes was enhanced by LAB, both in the absence and the presence of 
nutrients in the culture. The highest final biomass was achieved by adding P. acidilactici, 
whereas Carnobacterium piscicola and L. mesenteroides spp. mesenteroides provided maximal 
growth rates. The former also showed an inhibitory effect on Moraxella.
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Isochrysis galbana (I. galbana) cultures was assayed in small and 
medium size volumes in order to discard the inhibitory effects. In 
a previous study, we demonstrated that those strains promote the 
growth of the rotifer Brachionus plicatilis in culture[12]. 
2. Materials and methods
2.1. Preparation of LAB
   Cultures of seven species of LAB (Table 1) were maintained as 
frozen stocks at -50 °C in powdered skimmed milk suspensions 
containing 25% (v/v) of glycerol[26]. Batch cultures were carried 
out in a rotary agitator (200 r/min) at 30 °C in 250 mL Erlenmeyer 
flasks with the optimum volumes of MRS agar media (Man, Rogosa, 
Sharpe, Pronadisa S.A.)[26]. Bacteria inocula were prepared as 
previously reported[12]. The bacterial biomass of each culture was 
harvested and delivered to the cultures of microalgae eliminating all 
traces of post-incubation medium.
Table 1
LAB strains tested in I. galbana cultures.
Species Key Origin
C. piscicola Cb 1.01 CECT 4020
L. brevis  Lb 2.01 CECT 216
Lactobacillus casei ssp. casei Lb 3.04 CECT 4043
Lactobacillus helveticus  Lb 6.04 CECT 541
Lactococcus lactis spp. lactis  Lc 1.04 CECT 539
L. mesenteroides spp. mesenteroides Ln 3.07 CECT 4046
P. acidilactici Pc 1.02 NRRL B-5627
C. piscicola: Carnobacterium piscicola; L. brevis: Lactobacillus brevis; 
L. mesenteroides spp. mesenteroides: Leuconostoc mesenteroides spp. 
mesenteroides; P. acidilactici: Pediococcus acidilactici; CECT: Spanish 
Type Culture Collection. NRRL: Northern Regional Research Laboratory 
(Peoria, Illinois, USA).
2.2. Culture of I. galbana
2.2.1. Experiment 1: culture in 250 mL flasks
   Small volume cultures of I. galbana were carried out in 250 mL 
of 8 Erlenmeyer flasks containing 100 mL of filtered (0.2 µm) and 
sterilised seawater, and a mixture of Walne medium[27]. The initial 
microalgae inocula were established at 106 cells/mL. One flask 
remained as control whereas the other seven flasks were inoculated 
(0.5 g/L) with one of the following LAB (Table 1): C. piscicola, 
L. brevis, Lactobacillus casei ssp. casei, Lactobacillus helveticus, 
Lactococcus lactis spp. lactis, L. mesenteroides spp. mesenteroides 
and P. acidilactici. Due to their higher capacity of bacteriocins 
production[28], the initial densities for Pc 1.02 and Lc 1.04 were 
0.225 and 0.2 g/L, respectively.
   The cultures were maintained for 9 days (until the advanced 
stationary phase) at a controlled temperature of (22 ± 1) °C and a 
light intensity of about 10 000 µmol∙m-2∙s-1, provided by day light 
fluorescent bulbs. The flasks were not aerated but they were shaken 
twice daily to avoid the sedimentation of algal cells. Cell densities 
of Isochrysis were daily recorded using a Thoma Neubauer 
chamber under a microscope (Nikon). The experiment was run by 
duplicate.
2.2.2. Experiment 2: culture in 5 L flasks
   The big volume cultures were performed in 5 L flatbottom flasks at 
(23 ± 1) °C. Two groups of 3 flasks containing 4 L of sterile seawater 
were used. I. galbana was inoculated to each flask at a density of 
1.2 × 105–1.5 × 105 cells/mL. In each group, one flask remained as 
control whereas the other two were inoculated with 0.5 and 0.225 g/
L of L. mesenteroides spp. mesenteroides (Ln 3.07) and P. acidilactici 
(Pc 1.02), respectively. Walne media was only added to flasks in 
one group. All flasks were conveniently aerated. Cell densities of 
Isochrysis were daily recorded.
2.3. Fitting of experimental data and numerical methods
   Microalgae cell numbers were counted daily using a Thoma’s 
chamber. The growth of the microalgae was evaluated adjusting the 
original data to the following mathematical models:
1: Logistic model[29].
 N = K
1 + ec – rm t
 
 
c = In( )K – 1N0                                                                       [a]                                                                                      
2: Modified model of Gompertz[30].
 In  – exp[ ]( )N
μm × exp(1) × (λ – t) + 1
AN0
A × exp         [b]
where, N: Cell density (million cells/mL); N0: Initial density; t: Time 
(days); K: Maximum population at infinite time (million cells/mL); 
rm: Maximum specific growth rate (days
-1); μm: Maximum specific 
growth rate (days-1); A: Coefficient of maximum population at infinite 
time (dimensionless); λ: Lag phase (days); Nm: Maximum population 
at infinite time (million cells/mL).
   These models had some interesting characteristics; the clear 
pseudo-kinetic structure and the significance of equation parameters 
[a] and the capacity of equation parameters [b] described all the 
phases of the growth (lag phase, maximum rate and maximum 
growth or stationary phase). On the contrary, the structure of equation 
[b] was more complex and used the deceitful resort of the logarithmic 
normalization. 
   Fitting procedures and parametric estimations from the experimental 
results were performed using a non-linear least-squares (quasi-
Newton) method provided by the macro Solver of the Microsoft excel 
XP spreadsheet. The sum of quadratic differences between observed 
and model-predicted values was minimised.
2.4. Bacteria load
   In order to determine the effect of LAB treatments on the bacterial 
population associated to I. galbana, bacteriological studies were 
performed after 0, 1, 4, 6 and 8 days post flasks inoculation. Samples 
were taken from each experimental flask and 100 µL of each of 
serially dilutions were plated on marine agar (MA), on a selective 
medium for LAB (MRS agar) (Pronadisa) and on thiosulphate citrate 
bile saltssucrose medium (Panreac Química S.A). Plates were 
incubated for 48–72 h at room temperature (22 °C). Subsequently, 
the colonies were counted and the amount of bacteria was calculated 
(CFU/mL). Dominant colony types on plates were visually selected on 
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the basis of different colony appearance and abundance. The selected 
colonies from each plate were isolated and re-streaked on fresh MA 
to ensure purity. For long-term preservation, the cultures were frozen 
at -80 °C in tryptone soy broth containing 1% NaCl (tryptone soy 
broth-1) and 15% glycerol (v/v). 
   Pure cultures of the bacterial strains were subjected to standard 
morphological, physiological and biochemical plate and tube tests 
including Gram-character[30], oxidase test, morphology, motility, 
sensitivity against O/129 and growth on thiosulfate citrate bile 
saltssucrose.
3. Results
   The delivery of LAB into small volume flasks (experiment 1) resulted 
in a significant increase in the growth rates of I. galbana compared 
to controls (Figures 1 and 2). The maximal cell densities achieved in 
control flasks were 4.3 × 106 cells/mL whereas the average density in 
challenged flasks was about 7 × 106 cells/mL. The highest cell densities 
were attained with the addition of Lb 3.04, Lc 1.04 and Pc 1.02 strains. 
A noticeable increase was also observed in rm for Ln 3.07 and Cb 1.01. 
A massive turbidity appeared in the culture media after the addition 
of Lb 3.04 and Lc 1.04. In the former, the culture collapsed at Day 
5 in one of the replicates. In the other replicate, the disappearance of 
turbidity after Day 5 promoted a huge increase in cell density. A similar 
fact was also noticed for Lc 1.04. Consequently, those data were 
excluded in the adjustment of experimental data to the fitting equation 
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Figure 1. Effect of the addition of LAB on the growth of I. galbana in 
Erlenmeyer flasks (250 mL) (experiment 1). 
White symbols: Addition; Black symbols: Control. Data fitted to equation 
[a]. Initial concentrations of LAB were Pc 1.02 = 0.225, Lc 1.04 = 0.200 
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Figure 2. Effect of the addition of LAB on the growth of I. galbana in 
Erlenmeyer flasks (250 mL) (experiment 1). 
White symbols: Addition; Black symbols: Control. Data fitted to equation 
[b]. Initial concentrations of LAB were Pc 1.02 = 0.225, Lc 1.04 = 0.200 
and others = 0.500 g/L.
   A detailed summary of the results obtained for the parameters 
including K, rm, A, μm, λ and Nm in the applied fitting models was 
given in Table 2 (significant coefficient in all cases, with P = 
0.05; n = 3). Important characteristics in the culture of microalgae 
were the duration of the lag phase, the growth rate and the final 
biomass achieved. For each treatment, the numerical values of the 
parametrical data (K, rm, A, μm, λ and Nm) were transformed into 
points according to the procedure that 100 points were given to the 
treatment which provided the highest value of K, rm, A, μm, λ and Nm 
and the lowest value of λ[32,33]. The other results were given as a 
relative percentage of the maximal values. Calculations were made 
for each strain and the total final score was calculated for each 
treatment except for Lb 3.04 and Lc 1.04 (Table 2). According to 
those calculations, the final scores of the cultures treated with LAB 
were 89.8%–100.0% whereas the score for the control was 82.9%. 
The highest final score was achieved by the strain Ln 3.07. The 
strain Pc 1.02 was the most effective in terms of final biomass and 
cell density (K, A and Nm = 100.0 points), the higher specific growth 
was obtained with the strain Cb 1.01 (rm and μm = 100.0) and finally, 
the shortest latency period was achieved in the control (λ = 100.0).
   In general, the bacterial load (MA medium) in LAB challenged 
flasks increased with time, being higher (about 107–108 CFU/
mL) than those in control flasks (104–106 CFU/mL) throughout 
the experiment (Figure 3). The density for most LAB strains (MRS 
media) in experimental flasks remained between 105 and 108 CFU/
mL for the first 4 days of culture. Lb 3.04, Lc 1.04 and Cb 1.01 
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survived until the end of the experiment (104 and 106 CFU/mL, 
respectively at Day 8) whereas all other LAB were not detected 
beyond Day 4. There were neither consistent trends nor differences 
among the bacterial genus associated to each of the treatments. 
Although an important variability in bacteria strains was noticed 
among flasks, Pseudomonas and Moraxella were the most 
significant bacteria in the cultures, reaching final levels of about 
107 CFU/mL. The former was detected through the culture period, 
whereas the later was identified only at Days 6–8. Interestingly, L. 
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Figure 3. Effect of LAB administration on the total bacterial load (MA 
and MRS media) in I. galbana cultures (250 mL Erlenmeyer flasks, 
experiment 1). 













   In experiment 2, two strains of LAB (Ln 3.07 and Pc 1.02) were 
selected from the results obtained in experiment 1 and their effects 
on the growth of the microalgae were studied in 5 L flasks, both 
with and without the addition of nutrients. Those strains provided 
the best growth (Ln 3.07) and the higher final biomass (Pc 1.02) 
in experiment 1. In experiment 2, the concentration of LAB was 
reduced one half for economical purposes.
   After performing an analysis similar to that carried out in 
experiment 1 (Table 3), it can be concluded that the growth of 
Isochrysis cultures supplemented with LAB (Figure 4) resulted 
notoriously enhanced with respect to controls (Figure 3). The 
addition of Pc 1.02 and Ln 3.07 promoted a maximum final 
population increase (value of the parameter K in [a] or Nm in [b]) of 
16% and 40%, respectively, in relation to the value of the control 
cultures. The strain (Ln 3.07) caused the highest parametric global 













































0         2          4          6          8 0         2         4          6         8         10
Time (days)
Pc 1.02 Ln 3.07 Control
Time (days)
Figure 4. Effect of the addition of L. mesenteroides spp. mesenteroides 
(Ln 3.07) and P. acidilactici (Pc 1.02) on the growth of I. galbana in 5 L 
flasks in the absence (A) or presence (B) of nutrients (experiment 2). 
Data fitted to equation [a]. Initial concentrations of LAB were Pc 1.02 = 
0.125 and Ln 3.07 = 0.250 g/L. Different Y-axis scale were expressed in 
both figures.
   In the absence of nutrients, the growth of the microalgae in LAB 
cultures from experiment 2 improved in a global way with respect 
to control cultures (total final score: 72.2%–100.0%) (Figure 3 and 
Table 3). The culture density in control flasks increased steadily 
but slowly during the first 48 h (0.7 × 106 cells/mL). Afterwards, 
cell density in controls remained almost constant until the end of 
the experiment. The final Isochrysis densities achieved with the 
addition of probiotics were 3-fold higher than in controls (2.1 × 
106–2.2 × 106 cells/mL). 
4. Discussion
   For the quantification and evaluation of the stimulative effect, 
the data were submitted to a mathematical model using the logistic 
and the modified Gompertz models and a subsequent cumulative 
Table 2
Parameters estimated for equations [a] and [b] (experiment 1).
Groups K [a], [max (%)] rm [a], [max (%)] A [b], [max (%)] μm [b], [max (%)] λ [b], [max (%)] Nm [b], [max (%)] Total (∑ = 600) Rank  Best (%)
Control         4.189 (61.7)        1.025 (64.4)       1.450 (75.4)       0.728 (60.1)         0.040 (100.0)        4.088 (62.0) 423.6 6   82.9
Cb 1.01         5.907 (87.0)          1.591 (100.0)       1.808 (94.0)         1.212 (100.0)       0.175 (22.9)        5.849 (88.9) 492.8 2   96.4
Lb 2.01         5.873 (86.5)        1.015 (63.8)       1.777 (92.4)       0.888 (73.3)        0.070 (57.1)        5.671 (86.0) 459.1 5   89.8
Lb 3.04 15.319 (-)  0.341 (-) 3.692 (-) 0.263 (-) -0.326 (-) 38.465 (-) - - -
Lb 6.04        6.584 (96.9)       0.983 (61.8)       1.882 (88.1)       0.974 (80.4)       0.067 (59.7)         6.294 (95.9) 482.8 3   94.5
Lc 1.04  8.082 (-) 0.324 (-) 1.695 (-) 0.485 (-) -0.506 (-)   5.224 (-) - - -
Ln 3.07       6.612 (97.3)      1.499 (94.2)      1.920 (99.8)       1.191 (98.3)        0.181 (22.1)        6.543 (99.4) 511.1 1 100.0
Pc 1.02         6.793 (100.0)      0.814 (51.2)        1.923 (100.0)       0.627 (51.7)        0.062 (64.5)          6.563 (100.0) 467.4 4   91.4
Table 3
Parameters estimated for equations [a] and [b] (experiment 2).
Groups K [a], [max (%)] rm [a], [max (%)] A [b], [max (%)] μm [b], [max (%)] λ [b], [max (%)] Nm [b], [max (%)] Total (∑ = 600) Rank Best (%)
Without nutrients Control  0.696 (30.8)   2.350 (100.0) 1.692 (57.2)   2.140 (100.0) 0.264 (46.2) 0.676 (29.3) 363.5 3   72.2
Ln 3.07 2.262 (100) 1.087 (46.3)   2.958 (100.0) 0.842 (39.3)   0.122 (100.0)   2.310 (100.0) 485.6 2   96.5
Pc 1.02  2.122 (93.8) 1.922 (81.8) 2.867 (96.9) 1.629 (76.1) 0.189 (64.6) 2.084 (90.2) 503.4 1 100.0
With nutrients Control  7.282 (69.9) 0.740 (94.3) 3.905 (95.4) 0.926 (97.5) 0.314 (71.7) 6.950 (79.1) 507.9 3   88.2
Ln 3.07  10.418 (100.0) 0.600 (76.4)   4.094 (100.0) 0.943 (99.3)   0.225 (100.0)   8.786 (100.0) 575.7 1 100.0
Pc 1.02  8.441 (81.0)   0.785 (100.0) 3.952 (96.5)   0.950 (100.0) 0.428 (52.6) 8.115 (92.4) 522.5 2   90.8
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study of the parameters. Although all the strains of LAB tested in 
this study stimulated the growth of I. galbana in small volume 
flasks (250 mL), the best overall results and the maximal final 
cell densities were achieved with strains L. mesenteroides spp. 
mesenteroides (Ln 3.07) and P. acidilactici (Pc 1.02), respectively. It 
is interesting to point out that in a previous study[12], the growth rate 
of rotifers was also enhanced by the addition to the rotifers culture 
media of the same LAB strains tested in the present study. In rotifers, 
the best results were achieved with the delivery of Lc 1.04, Pc 1.02 
and, particularly Lb 3.04.
   With respect to strains Lb 3.04 and Lc 1.04, it is very likely that 
the turbidity that appeared in the small volume flasks during the first 
2 days of culture could be reduced or minimized by lowering the 
initial bacteria concentrations. In this regard, a short-time algicidal 
effect at the onset of the culture should not be discarded as reported 
in Gymnodinium catenatum, Chattonella marina and Heterosigma 
akashiwo[34], in which a Pseudoalteromonas strain caused rapid cell 
lysis and death (within 3 h) of the algae. Over the subsequent 24 h, 
the algal cultures recovered.
   In medium sized flasks (5 L), Ln 3.07 performed better than Pc 
1.02, both with and without the addition of nutrients in the culture 
media. Obviously, the performance of the cultures was lower 
when nutrients were not added to the culture media. However, 
the differences in the relative performances of I. galbana cultures 
deprived of nutrients with respect to control flasks (no bacteria 
added) were higher than in nutrients-added flasks. This fact should 
be explained by unknown nutritional factors. Indeed, other authors 
have suggested that growth enhancement by certain bacteria 
starins in some species of microalgae may be caused by nutrient 
regeneration, control over other co-existing bacterial strains and 
production of stimulative substances[23,24,35-39]. In other studies, 
stimulative effects of bacteria on I. galbana cultures were not 
observed. Avendaño and Riquelme did not find an enhancement of I. 
galbana cultures with the addition of the probiotic bacteria Vibrio sp. 
C33, Pseudomonas sp. 11 and Arthrobacter sp. 77[5]. Furthermore, it 
has been also reported that cells of I. galbana can be lysed by strains 
of the genera Saprospira or Pseudoalteromonas[16,34].
   Our study confirms that all the strains of LAB tested are growth-
promoting bacteria for the microalgae I. galbana. However, the 
enhancement or inhibition of a given bacteria strain on diverse 
microalgae species seems to rely on the fact that growth factors of 
bacteria for microalgae are species-specific[20,34,38,40]. In this sense, 
Suminto and Hirayama found a bacterial strain (Flavobacterium 
DN-10) that promoted growth in semi-mass cultures of Chaetoceros 
gracilis but not in cultures of I. galbana and Pavlova lutheri[20,38]. 
Consequently, the results obtained in our study should not 
necessarily promote growth in species of microalgae other than I. 
galbana.
   The use of telluric bacteria on the production of microalgae is 
very limited. Gonzalez and Bashan reported that the growth of 
Chlorella was improved with the use of the plant growth-promoting 
bacterium Azospirillum brasilense in small alginate beads[25]. Our 
results showed that the addition of terrestrial LAB strains may 
contribute to a fast growth of I. galbana, and probably other strains, 
with a lower production cost when the cutlure conditions and 
the bacteria culture media were optimised. On the other side, the 
artificial biomanipulation of bacterial communities in the culture 
of microalgae can make cultures more stable and predictable[1]. 
However, possible inhibitory effects of bacteria in algal cultures must 
also be taken into account and previous studies should be undertaken 
for each bacteria strain and microalgae species to discard undesirable 
negative effects[15,21].
   Although the present study has been focussed on the growth of 
the microalgae I. galbana in culture conditions, it must be pointed 
out that some of the LAB strains tested (Lactobacillus, Lactococcus, 
Pediococcus, Carnobacterium) have been used with some success 
as probiotics in the control of the microflora and in the rearing of 
different marine organisms[4,7-12,41-43]. From our study, however, 
it is not possible to conclude whether LAB treatments enhanced 
the bacterial load in I. galbana cultures, due to the high variability 
observed in the experiments. Nevertheless, L. mesenteroides spp. 
mesenteroides hampered Moraxella growth. Similarly, Villamil et 
al. reported a decrease in the level of Vibrio alginolyticus in Artemia 
nauplii kept for 24 h in the presence of L. brevis Lb 2.01 and hence, 
it is likely that the addition of LAB would probably contribute to the 
reduction of some Vibrionaceae strains in microalgae cultures[11]. 
   In summary, all the strains of LAB tested were found to be 
growth promoters for the culture of the microalgae I. galbana. 
From a practical point of view, among the strains used in this study, 
P. acidilactici (Pc 1.02) should be selected for improving final 
biomass, whereas maximal growth rates would be achieved with the 
addition of strains C. piscicola (Cb 1.01) and L. mesenteroides spp. 
mesenteroides (Ln 3.07). The best overall performance was attained 
in the later.
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